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(54) SEMICONDUCTOR LASER DEVICE 

(57) A semiconductor laser apparatus includes a 
semiconductor laser array (1); a plate-shaped sub- 
mount (2) having a coefficient of thermal expansion 
nearly equal to that of the semiconductor laser array 
and having high thermal conductivity; and a heat sink 
(9) having a cooling water path (4) through which cool- 
ing water is passed such that the cooling water comes 
into direct contact with said submount thereby cooling 
said submount. whereby improved cooling efficiency is 
achieved. A semiconductor laser apparatus according 
to another aspect includes a plurality of semiconductor 
laser modules disposed in parallel, each semiconductor 
laser module including a semiconductor laser array (1). 
a submount (2), and a heat sink (3), wherein cooling 
water is supplied in parallel to the respective modules 
so that the respective modules are equally cooled. 
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Description 

Technical Field 

[0001] The present invention relates to a semiconduc- 
tor laser apparatus, and more particularly to a cooling 
mechanism therefor. 

Background Ar t 

[0002] Fig. 10 illustrates a cross-sectional view of a 
conventional semiconductor laser apparatus. Refer- 
ence numeral 1 denotes a semiconductor laser array, 2 
denotes a submount, 3 denotes a heat sink, 1 1 denotes 
a cooling pipe disposed in the heat sink 3, 7 denotes a 
cover for protecting the semiconductor laser array 1 , 5 
denotes an insulating plate for maintaining electric insu- 
lation between the heat sink 3 and the cover 7, and 6 
denotes a lead wire for supplying an electric current to 
the semiconductor laser array 1. 1S denotes a laser 
emitting surface of the semiconductor laser array 1 . 
[0003] Fig. 1 1 is a top view of a conventional semicon- 
ductor laser apparatus including a plurality of semicon- 
ductor laser modules disposed in parallel. Fig. 12 is a 
cross-sectional view taken along line A-A of Fig. 11. In 
these figures, equivalent or similar parts to those in Fig. 
10 are denoted by similar reference numerals. The 
cover 7 is not shown in Figs. 11 and 12. Each of the plu- 
rality of semiconductor laser modules 20 includes a 
semiconductor laser array 1 , a submount 2, and a heat 
sink 3. and a cooling pipe 1 1 is passed through the heat 
sinks 3, from one to another, of the respective semicon- 
ductor laser modules 20. 

[0004] The cooling mechanism of the semiconductor 
laser apparatus is described below. The semiconductor 
laser array 1 includes a plurality of semiconductor laser 
devices for outputfing a laser beam wherein the plurality 
of semiconductor laser devices are arranged in a linear 
line. The semiconductor laser array 1 may be produced 
on a semiconductor substrate in the form of a rectangu- 
lar plate, via semiconductor production processes such 
as a lithography process. 

[0005] A current is supplied to the semiconductor 
laser array 1 through upper and lower surfaces of a rec- 
tangular plate serving as electrodes. In the example 
shown in Fig. 10, the current flows from the heat sink 3 
toward the cover 7 via the submount 2, the semiconduc- 
tor laser array 1 . and the lead wire 6. 
[0006] When the semiconductor laser array 1 is 
excited by the current, a laser beam is emitted from the 
laser beam emitting surface 1s. However, some excita- 
tion energy which does not contribute to emission of the 
laser beam is wasted as heat, which results in an 
increase in the temperature of the semiconductor laser 
array 1. When the increase in the temperature of the 
semiconductor laser array 1 is relatively small, the 
increase in the temperature results in a change in the 
energy band structure of the semiconductor laser and 



thus exerts an influence on the output wavelength. 
When the increase in the temperature is great, an end 
face of the semiconductor laser array 1 is melted and 
the semiconductor laser array 1 is broken. 

5 [0007] To avoid the undesirable effects described 
above, it is required to cool the semiconductor laser 
array 1 . For high-power semiconductor laser appara- 
tuses, in particular for several W (watt) class appara- 
tuses, air-cooling is not enough in cooling ability and it is 

10 required to employ water-cooling. In water-cooling, the 
heat sink 3 is generally made of a copper-based mate- 
rial which has a high thermal conductivity and which is 
easy to produce and, besides, inexpensive. The cooling 
pipe 1 1 is disposed in the heat sink 3 so that the heat 

is sink 3 is cooled by water passed through the cooling 
pipe 11. 

[0008] However, because the copper-based material 
has a different coefficient of thermal expansion from 
that of semiconductor laser material such as GaAs or 
20 InGaAs, if the semiconductor laser array 1 is connected 
directly to the copper-based heat sink 3 for the purpose 
of cooling, the difference in thermal expansion can 
cause the semiconductor laser array 1 to be broken. To 
avoid the above problem, a submount 2. having a coef- 
25 ficient of thermal expansion nearly equal to that of the 
semiconductor laser material and having large thermal 
conductivity, is disposed between the semiconductor 
laser array 1 and the heat sink 3 so as to ease the stress 
caused by the difference in coefficient of thermal expan- 
se sion, which would otherwise be directly exerted from the 
heat sink 3 to the semiconductor laser array 1 . 
[0009] Figs. 11 and 12 illustrates a technique of cool- 
ing a plurality of semiconductor laser modules 20 dis- 
posed side by side. The cooling pipes 11 of the heat 
35 sinks 3 of the respective semiconductor laser modules 
20 are connected in series and water is passed into the 
cooling pipes from one end. 

[0010] However, there is a large thermal resistance 
between the semiconductor laser array 1 and the cool- 

40 ing water, because the submount 2 is disposed between 
the semiconductor laser array 1 and the heat sink 3 to 
reduce the thermal stress and because there are adhe- 
sive surfaces between respective components. As a 
result, the efficiency of cooling the semiconductor laser 

45 array 1 is low, and thus even if cooling water at a con- 
stant temperature is supplied, the temperature of the 
semiconductor laser array 1 increases with the exciting 
current. The increase in the temperature can exert an 
influence on the energy band structure of the semicon- 

50 ductor laser and thus can change the output wave- 
length. If the temperature increases further, the end 
face of the semiconductor laser array will be melted and 
the semiconductor laser array will be thermally 
destroyed. 

55 [0011] In the conventional system for cooling the sem- 
iconductor laser apparatus, as described above, the 
large thermal resistance between the semiconductor 
laser array and the cooling water causes the problem 
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that even if the temperature of the cooling water is con- 
trolled at a particular value, it is difficult to control the 
temperature of the semiconductor laser array and thus a 
drift of the output wavelength can occur and the output 
power is limited. 

[0012] When a plurality of semiconductor laser mod- 
ules are disposed in parallel and the cooling water pipes 
of the heat sinks of the respective semiconductor laser 
modules are connected in series so as to cool all heat 
sinks, a large pressure loss occurs and thus it is impos- 
sible to supply a sufficiently large amount of water. 
[0013] In the cooling technique by means of serial 
connection, semiconductor laser modules at down- 
stream locations are cooled by water whose tempera- 
ture has increased when cooling semiconductor laser 
modules at upstream locations. This results in a reduc- 
tion in the cooling effect' for the semiconductor laser 
modules at downstream locations and thus there can be 
differences in output wavelength between the semicon- 
ductor laser modules at upstream locations and those at 
downstream locations. 

[0014] It is a general object of the present invention to 
solve the above problems. More specifically, it is an 
object of the present invention to provide a technique of 
reducing the thermal resistance between a semicon- 
ductor laser array and cooling water thereby providing a 
C semiconductor laser apparatus capable of emitting a 
laser beam with a stabilized wavelength and with an 
increased maximum output power. 
[0015] It is another object of the present invention to 
provide a semiconductor laser apparatus including a 
plurality of semiconductor laser modules disposed side 
by side which are efficiently and uniformly cooled by a 
cooling mechanism. 

Disclosure of Invention 

[0016] According to an aspect of the invention, there 
is provided a semiconductor laser apparatus including: 
a semiconductor laser array; a plate-shaped submount 
having a coefficient of thermal expansion nearly equal 
to that of the semiconductor laser array and having high 
thermal conductivity; and a heat sink having a cooling 
water path through which cooling water is passed such 
that the cooling water comes into direct contact with the 
submount thereby cooling the submount. 
[0017] In this semiconductor laser apparatus accord- 
ing to the invention, the cooling water path of the heat 
sink is preferably formed in the shape of a groove. 
[0018] In this semiconductor laser apparatus accord- 
ing to the invention, the submount and the heat sink are 
disposed at both side of the semiconductor laser array 
so that the semiconductor laser array is cooled from 
both sides. 

[0019] In the semiconductor laser apparatus accord- 
ing to the present invention, the apparatus may further 
include a mounting base on which laser arrays, sub- 
mounts and heat sinks are mounted all together, 



• 4 

wherein the mounting base includes a cooling water 
supply pipe connected to one end of the cooling water 
path of each heat sink so as to supply cooling water and 
also includes a cooling water drain pipe connected to 

5 the other end of the cooling water path so as to drain the 
cooling water whereby the cooling water is supplied and 
drained in'parallel to and from the respective heat sinks. 
[0020] In the semiconductor laser apparatus, a plural- 
ity of said semiconductor laser arrays may be disposed 

w in a stacked fashion, two submounts may be bonded to 
both sides, respectively, of each said semiconductor 
laser array, and there may be provided heat sinks each 
having a cooling water path which is formed between 
respective adjacent submounts or on the outer surface 

(5 of submounts located at both ends such that cooling 
water flowing through the cooling water path comes in 
direct contact with a submount located at one side or 
two submounts located at both sides. 
[0021] This semiconductor laser apparatus may fur- 

20 ther include a mounting base on which laser arrays, 
submounts and heat sinks are mounted all together, 
wherein the mounting base includes a cooling water 
supply pipe connected to one end of the cooling also 
includes a cooling water drain pipe connected to the 

25 other end of the cooling water path so as to drain the 
cooling water whereby the cooling water is supplied and 
drained in parallel to and from the respective heat sinks. 
[0022] According to another aspect of the present 
invention, there is provided a semiconductor laser appa- 

30 ratus including a plurality of semiconductor laser mod- 
ules each including a semiconductor laser array; a 
plate-shaped submount having a coefficient of thermal 
expansion nearly equal to that of the semiconductor 
laser array and having high thermal conductivity; and a 

35 heat sink having a cooling water path through which 
cooling water is passed to cool the submount; the appa- 
ratus also including a mounting base on which the plu- 
rality of semiconductor laser modules are disposed side 
by side wherein the mounting base includes a cooling 

W water supply pipe connected to one end of the cooling 
water path of the heat sink of each semiconductor laser 
module so as to supply cooling water and also includes 
a cooling water drain pipe connected to the other end of 
the cooling water path so as to drain the cooling water 

■45 whereby the cooling water is supplied and drained in 
parallel to and from the respective heat sinks. 
[0023] In this semiconductor laser apparatus, the 
cooling water path of each heat sink is preferably 
formed in the shape of a groove such that cooling water 

50 comes in direct contact with each submount. 

. Brief Description of Drawings 
[0024] 

55 

Fig. 1 is a cross-sectional view of an embodiment of 
a semiconductor laser apparatus according to the 
present invention; 



3 



EP 0 973 237 A1 



Fig. 2 is a cross-sectional view of another embodi- 
ment of a semiconductor laser apparatus according 
to the present invention; 

Fig. 3 is a cross-sectional view of still another 
embodiment of a semiconductor laser apparatus 
according to the present invention, in which semi- 
conductor laser arrays are vertically stacked; 
Fig. 4 is a top view of still another embodiment of a 
semiconductor laser apparatus according to the 
present invention, in which semiconductor laser 
arrays are disposed side by side; 
Fig. 5 is a side view of the apparatus shown in Fig. 
4; 

Fig. 6 is a cross-sectional view taken along line B-B 
of Fig. 4: 

Fig. 7 is a top view illustrating a modification of the 
semiconductor laser apparatus according to the 
present invention; 

Fig. 8 is a cross-sectional view illustrating another 
modification of the semiconductor laser apparatus 
according to the present invention; 
Fig. 9 is a side view illustrating still another modifi- 
cation of the semiconductor laser apparatus 
according to the present invention; 
Fig. 10 is a cross-sectional view of a conventional 
semiconductor laser apparatus; 
Fig. 1 1 is a top view of a conventional semiconduc- 
tor laser apparatus including a plurality of semicon- 
ductor laser modules disposed side by side; and 
Fig. 12 is a cross-sectional view taken along line A- 
Aof Fig. 11. 

Best Mode for Carrying Out the Invention 



be obtained in the conventional cooling system in which 
heat is removed from the submount 2 via the heat sink 
3. and thus reducing the increase in temperature of the 
semiconductor laser array 1. 
5 [0029] The cooling water path 4 in the groove form not 
only provides an improvement in the cooling efficiency 
but it can be produced easier than producing a hole in a 
heat sink according to the conventional technique. 

w Second Embodiment 

[0030] Fig. 2 is a cross-sectional view of another 
embodiment of a semiconductor laser apparatus 
according to the present invention. Similar or equivalent 

15 parts to those in the above embodiment are denoted by 
similar reference numerals. Submounts 2 are bonded to 
both upper and lower surfaces of a semiconductor laser 
array 1. The respective submounts 2 are connected to 
different heat sinks 3 for cooling. The set of the upper 

20 submount 2 and the upper heat sink 3 is electrically iso- 
lated from the set of the lower submount 2 and the lower 
heat sink 3 so that a current can be supplied to the sem- 
iconductor laser array 3 via the upper and lower heat 
sinks 3. 

25 [0031] In this embodiment, because the semiconduc- 
tor laser array is cooled from both upper and lower 
sides, the cooling efficiency is improved and the semi- 
conductor laser array is uniformly cooled and thus ther- 
mal strain due to the temperature difference between 

30 the upper and lower sides is reduced. 

[0032] In the case where the apparatus shown in Fig. 
2 is placed in a horizontal position, the semiconductor 
laser array is cooled from both left and right sides. 



[0025] Embodiments of the present invention are 
described below. 

First Embodiment 

[0026] Fig. 1 is a cross-sectional view of an embodi- 
ment of a semiconductor laser apparatus according to 
the present invention. 

[0027] Reference numeral 1 denotes a semiconductor 
laser array, 2 denotes a submount, 3 denotes a heat 
sink, 4 denotes a cooling water path formed in the heat 
sink, 7 denotes a cover for protecting the semiconductor 
laser array 1 , 5 denotes an insulating plate for maintain- 
ing electric insulation between the heat sink 3 and the 
cover 7, and 6 denotes a lead wire for supplying an elec- 
tric current to the semiconductor laser array 1. 1s 
denotes a laser emitting surface of the semiconductor 
laser array 1 . 

[0028] In this invention, the cooling water path 4 is 
formed into the shape of a groove on the top of the heat 
sink 3. immediately under the submount 2 so that cool- 
ing water (not shown) flowing through the cooling water 
path 4 comes in direct contact with the submount 2 
thereby achieving a lower thermal resistance than can 



35 Third Embodiment 

[0033] Fig. 3 is a cross-sectional view of still another 
embodiment of a semiconductor laser apparatus 
according to the present invention, in which semicon- 

40 ductor laser arrays are vertically stacked. Similar or 
equivalent parts to those in the above embodiments are 
denoted by similar reference numerals. Each semicon- 
ductor laser array 1 is sandwiched between upper and 
lower submounts 2 and each submount 2 is cooled by 

45 the corresponding heat sink 3 as shown in Fig. 2. 

[0034] Heat sinks 3 other than the top and bottom 
ones serve to cool two submounts 2 located immedi- 
ately above and below the respective heat sinks 3. The 
respective heat sinks 3 are electrically isolated from one 

50 another so that the semiconductor laser array 1 can be 
excited in series by applying a current between the top 
heat sink 3 and the bottom heat sink 3. 
[0035] In the case where the apparatus shown in Fig. 
3 is placed in a horizontal position, the semiconductor 

55 laser array is cooled from both left and right sides. 
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Fourth Embodiment 

[0036] Figs. 4, 5 and 6 illustrate another embodiments 
of semiconductor laser apparatuses according to the 
present invention, in which semiconductor laser arrays 
are disposed side by side, wherein Figs. 4 and 5 are top 
and side views, respectively, and Fig. 6 is a cross-sec- 
tional view taken along line B-B of Fig. 4. Similar or 
equivalent parts to those in the above embodiments are 
denoted by similar reference numerals. Reference 
numeral 10 denotes a module mounting base on which 
a plurality of semiconductor laser modules 20 are 
mounted side by side. 11a and 11b denote a cooling 
water supply and drain pipes, respectively, formed in the 
mounting base. 4 denotes a cooling water path formed 
in the heat sink 3 wherein the cooling water path may be 
formed either in the shape of a groove such as that 
employed in the above embodiments or in a conven- 
tional pipe structure. 

[0037] The cooling water path 4 is formed in the heat 
sink 3 of each semiconductor laser module 20. A water 
supply inlet and a water drain outlet are formed on the 
lower side of each heat sink, at respective two ends of 
the water cooling water path 4. The water supply inlet 
and the water drain outlet are formed at locations just 
above the cooling water supply pipe 1 1 a and the cooling 
water drain pipe 1 1b, respectively, formed in the mount- 
ing base 10. 

[0038] Cooling water is supplied from the cooling 
water supply pipe 11a formed in the mounting base 10, 
via a vertically extending pipe, into the cooling water 
path 4 of the heat sink 3 located under the semiconduc- 
tor laser module 20. After removing, via the submount 2, 
heat generated by the semiconductor laser array 1, the 
cooling water is directly passed into the cooling water 
drain pipe 11b formed in the mounting base 10. 
[0039] In this structure, the cooling water is supplied 
in parallel to the respective semiconductor laser mod- 
ules 20 and thus the water pressure at the inlet of the 
cooling water path 4 of the heat sink 3 becomes equal 
for all modules. The cooling water path has a minimum 
cross-sectional area in the heat sink 3 of the semicon- 
ductor module 20 because the heat sink 3 does not 
have enough space for the cooling water path. There- 
fore, the pressure loss occurring in such a parallel cool- 
ing system is determined by the resistance of each 
semiconductor laser module. 

[0040] This allows the pressure loss in the parallel 
cooling system to be minimized. As a result, it becomes 
possible to supply a larger amount of cooling water. Fur- 
thermore, because all semiconductor laser modules 20 
are disposed in a parallel fashion, they are equally 
cooled and thus the variations in the output wavelength 
among the semiconductor lasers due to temperature 
differences are minimized. 

[0041] The cooling water supply pipe 11a and the 
cooling water drain pipe 11b may be formed in each 
mounting base 10 such that the both extend just below 



the submount 2. In this case, the cooling water path 4 
may be formed in the heat sink 3 such that it extends 
between the cooling water supply pipe 11a and the 
cooling water drain pipe 1 1b as shown in Fig. 7. When it 

5 is desirable to more easily produce the cooling water 
path 4 in the heat sink 3, the cooling water path 4 may 
be produced simply by forming a rectangular-shaped 
hole as shown in Fig. 8. If such a structure is employed 
for the cooling water path in the heat sink, then it 

io becomes much easier to produce the cooling water path 
than producing a pipe in the heat sink. 
[0042] Although in the present embodiment, the mod- 
ule mounting base is disposed under the plurality of 
semiconductor laser modules, the module mounting 

15 base may be disposed on the back surface of the semi- 
conductor laser modules. 

[0043] Furthermore, in the present embodiment, each 
semiconductor laser module includes one semiconduc- 
tor laser array and cooling is performed from one side. 

20 the two-side cooling structure shown in Fig. 2 or the 
stacked structure shown in Fig. 3 may also be employed 
for the semiconductor laser modules. Fig. 9 illustrates 
an example in which a mounting base 10 including a 
cooling water supply pipe 11a and a cooling water drain 

25 pipe 1 1 b is disposed on the back surface of a semicon- 
ductor laser apparatus with the same structure as that 
shown in Fig. 3. 

[0044] That is, the embodiments described above may 
be combined in various manners. Thus, the present 
30 invention is not limited to the embodiments described 
above, and all possible combinations fall within the 
scope of the present invention. 

Industrial Applicability 

35 

[0045] According to the present invention, as 
described above, there is provided a semiconductor 
laser apparatus including a heat sink for cooling a sem- 
iconductor laser array using cooling water, in which a 

40 submount disposed immediately under the semicon- 
ductor laser array is directly cooled by the cooling water 
so as to reduce the thermal resistance between the 
semiconductor laser array and cooling water. In this 
structure, the thermal resistance between the heat sink 

45 and the submount is removed and thus the temperature 
difference between the semiconductor laser array and 
the cooling water is reduced. As a result, the change in 
wavelength with the output power is reduced and the 
upper limit of the output power can be increased. 

50 [0046] The present invention also provides a semicon- 
ductor laser apparatus including a plurality of semicon- 
ductor laser modules each including a semiconductor 
laser array, a submount, and a heat sink, in which a 
mounting base is employed to supply cooling water in 

55 parallel to the heat sinks of the respective semiconduc- 
tor laser modules. In this structure, the overall pressure 
loss of the cooling water is reduced and thus it becomes 
possible to supply a greater amount of water. Further- 
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more, it becomes possible to equally cool all semicon- 
ductor laser modules and thus the variations in the 
output wavelength are reduced. 

Claims 5 

1. A semiconductor laser apparatus comprising: 

a semiconductor laser array; 

a plate-shaped submount having a coefficient w 
of thermal expansion nearly equal to that of 
said semiconductor laser array and having high 
thermal conductivity; and 
a heat sink having a cooling water path through 
which cooling water is passed such that the 15 
cooling water comes into direct contact with 
said submount thereby cooling said submount. 

2. A semiconductor laser apparatus according to 
Claim 1 , wherein said cooling water path of the heat 20 
sink is formed in the structure of a groove. 

3. A semiconductor laser apparatus according to 
Claim 2. wherein said submount and heat sink are 
disposed at both sides of said semiconductor laser 25 
array so that said semiconductor laser array is 
cooled from both sides. 

4. A semiconductor laser apparatus according to 
Claim 3, further comprising a mounting base on 30 
which laser arrays, submounts and heat sinks are 
mounted all together, wherein said mounting base 
includes a cooling water supply pipe connected to 
one end of the cooling water path of each heat sink 

so as to supply cooling water and also includes a 35 
cooling water drain pipe connected to the other end 
of the cooling water path so as to drain the cooling 
water whereby the cooling water is supplied and 
drained in parallel to and from the respective heat 
sinks. ->o 



includes a cooling water supply pipe connected to 
one end of the cooling water path of each heat sink 
so as to supply cooling water and also includes a 
cooling water drain pipe connected to the other end 
of the cooling water path so as to drain the cooling 
water whereby the cooling water is supplied and 
drained in parallel to and from the respective heat 
sinks. 

7. A semiconductor laser apparatus comprising: 

a plurality of semiconductor laser modules 
each comprising: a semiconductor laser array; 
a plate-shaped submount having a coefficient 
of thermal expansion nearly equal to that of 
said semiconductor laser array and having high 
thermal conductivity; and a heat sink having a 
cooling water path through which cooling water 
is passed to cool said submount: and 
a mounting base on which said plurality of sem- 
iconductor laser modules are disposed side by 
side wherein said mounting base includes a 
cooling water supply pipe connected to one 
end of the cooling water path of the heat sink of 
each semiconductor laser module so as to sup- 
ply cooling water and also includes a cooling 
water drain pipe connected to the other end of 
the cooling water path so as to drain the codl- 
ing water whereby the cooling water is supplied 
and drained in parallel to and from the respec- 
tive heat sinks. 

8. A semiconductor laser apparatus according to 
Claim 7, wherein said cooling water path of each 
heat sink is formed in the shape of a groove such 
that cooling water comes in direct contact with each 
said submount. 



5. A semiconductor laser apparatus according to 
Claim 1. wherein a plurality of said semiconductor 
laser arrays are disposed in a stacked fashion; two 
submounts are bonded to both sides, respectively, 45 
of each said semiconductor laser array; and there 
are provided heat sinks each having a cooling water 
path which is formed between respective adjacent 
submounts or on the outer surface of submounts 
located at both ends such that cooling water flowing 50 
through said cooling water path comes in direct 
contact with a submount located at one side or two 
submounts located at both sides. 



6. A semiconductor laser apparatus according to 55 
Claim 5, further comprising a mounting base on 
which laser arrays, submounts and heat sinks are 
mounted all together, wherein said mounting base 
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